Introduction
Optic disc melanocytoma is a benign, typically darkbrown-to black-pigmented tumor located within or adjacent to the optic disc. The tumor is usually stable or demonstrates a very slow growth. The primary differential diagnosis includes juxtapapillary choroidal melanoma or nevus. These may be clinically distinguished in many cases by their deeper location and the presence of subretinal fluid or orange pigmentation. Additionally, ancillary testing such as ultrasonography and fluorescein angiography may aid in determination. However, differentiating a benign optic disc melanocytoma from a malignant melanoma may remain challenging in some cases, particularly when the melanocytoma is less pigmented or has subretinal fluid associated. Distinguishing the 2 entities is critical from a management standpoint.
Spectral-domain optical coherence tomography (SD-OCT) is widely used for the diagnosis and anatomic characterization of retinal and choroidal lesions. The SD-OCT features of choroidal melanoma and nevus have been well described [1] [2] [3] [4] . While a number of case reports and small case series include limited descriptions of the corresponding features of the classic, darkly pigmented optic disc melanocytoma, these have not included the un-
Results
Demographic and clinical data are summarized in Table 1 .
Nine eyes of 9 patients with optic disc melanocytoma were included. Age ranged from 14 to 58 years, and 6 patients were male. Best-corrected visual acuity ranged from 20/15 to 20/400 in the involved eye. A relative afferent pupillary defect was present in 2 patients. Quantitative perimetry was performed in 4 patients; the mean deviation ranged from -0.67 to -21.42 dB. Tumor diameter ranged from 0.5 to 5.0 disc diameters. Branch retinal vein occlusion was found in 1 patient. One case showed clinically evident optic disc edema; none showed clinical evidence of subretinal fluid.
SD-OCT images of all optic disc melanocytomas demonstrated a highly elevated mass overlaid with an irregular hyporeflective and hyperreflective layer of disorganized retinal tissue ( Fig. 1 b) without identifiable retinal layers. At the junction between the tumor margin and the normal retina, imaging revealed a gradually elevated portion of the retina, including the retinal nerve fiber layer through the outer plexiform layer. The external limiting membrane and ellipsoid zone were attached to the underlying retinal pigment epithelium without elevation from mass effect ( Fig. 1 b) . There were scattered hyperreflective dots ( Fig. 1 b, d ) in the overlying retina. Minimal subretinal fluid, not appreciable in the clinical examination, was identified adjacent to the tumor in 1 patient.
The SD-OCT findings for each patient are summarized in Table 2 . Two distinct sets of SD-OCT features of optic disc melanocytoma were identified. Type 1, the most heavily pigmented lesion type, demonstrated a deep hyporeflective shadow caused by blockage from the tumor pigment, with thin overlying retinal tissue. The interface between the tumor and the retina was sharp and well defined. The distribution of intraretinal hyperreflective dots was dense and was localized at the tumor-retina interface ( Fig. 1 b) . Seven patients were classified as Type 1. Type 2, the less pigmented type of lesion, demonstrated a hyperreflective shadow extending deeply into the tumor mass, containing scattered hyperreflective dots. The interface between the tumor and the retina could not be clearly identified, and the SD-OCT signal was homogenous through the entire thickness of the lesion ( Fig. 1 d) . There was no accumulation of hyperreflective dots as noted in Type 1 optic disc melanocytoma. Two patients were classified as Type 2. Clinically, Type 2 optic disc melanocytoma was located deeper and was relatively less pigmented than the Type 1 lesion. The SD-OCT image shows a highly elevated mass with a thin, disorganized overlying retina and underneath a dense hyporeflective shadow.
Yellow arrows indicate hyperreflective dots scattered all over the retina with accumulation at the tumor-retina interface. Tubular structures demonstrate major retinal vessels (red vertical arrow). Inner retinal layers (from the retinal nerve fiber layer to the outer plexiform layer) are gradually elevated by mass effect (double green arrowheads). A fundus photograph ( e , g ) and SD-OCT image ( f , h ) of a lightly pigmented optic disc melanocytoma. A thicker and more organized overlying retina is shown.
The hyporeflective shadow and tumor interface are not well visualized. Fewer hyperreflective dots (yellow arrows) are scattered within the retina without accumulation. Inner retinal layers (from the retinal nerve fiber layer to the outer plexiform layer) are gradually elevated by mass effect as seen in heavily pigmented lesions (double green arrowheads). SD-OCT, spectraldomain optical coherence tomography; ODM, optic disc melanocytoma; RNFL, retinal nerve fiber layer; OPL, outer plexiform layer.
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In choroidal melanoma, SD-OCT showed choroidal elevation with optical shadowing. The overlying retina remained organized without invasion of the tumor. Intraretinal edema and a thickened (shaggy) photoreceptor layer were observed over the elevated choroidal mass. Rare hyperreflective dots were found ( Fig. 2 a) . In the choroidal nevus, the SD-OCT scan showed an elevated choroidal lesion with mild optical shadowing and a moderately thickened, irregular overlying retinal pigment epithelium. There were drusenoid pigment epithelium detachments over the nevus. Neither subretinal fluid nor intraretinal edema was observed ( Fig. 2 b) .
Discussion
The OCT findings in optic disc melanocytoma have been described in a limited number of cases, only some of which were studied using SD-OCT. These are summarized in Table 3 [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Our cases corroborate a constellation of findings that have previously been reported and that are typical of most heavily pigmented optic disc melanocytomas: a very prominent and dense optical shadowing by the heavily pigmented tumor; a sharply demarcated interface between the tumor and a thin, hyperreflective layer of the disorganized overlying retina, and hyperreflective dots accumulated at the tumor-retina interface. Additionally, we noted a characteristic partial thickness elevation of the retinal tissue (from the outer plexiform layer to the retinal nerve fiber layer) at the tumor base, becoming a disorganized retina along the tumor surface. In patients with less pigmented lesions, we identified a second set of OCT features, which we describe below.
We propose 2 categories of optic disc melanocytoma based on SD-OCT imaging features. Type 1 optic disc melanocytoma is characterized by a deep hyporeflective shadow below the sharply demarcated interface between the tumor and the thin, disorganized overlying retina. Type 2 optic disc melanocytoma is characterized by a Most previous reports demonstrated tumors with the typical dense, hyporeflective shadow of more heavily pigmented lesions (classified as Type 1 in our study). However, in a series of 15 optic disc melanocytoma patients studied with early-generation SD-OCT reported by Shields et al. [7] , 1 patient with a small, flat melanocytoma within the disc had no "optical shadowing of posterior layer". Though the OCT image of that patient was not shown in their study, this patient could have had shared OCT, optical coherence tomography; ODM, optic disc melanocytoma; N, number of patients; TD, time domain; SD, spectral domain; RPE, retinal pigment epithelium; RNFL, retinal nerve fiber layer.
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Ocul Oncol Pathol 2017;3:142-148 DOI: 10.1159/000453110 147 features consistent with our Type 2 optic disc melanocytoma classification, if higher-quality SD-OCT had been performed. Similarly, a case reported by Zalilawati et al. [11] was more lightly pigmented and showed less optical shadowing. We propose that the Type 2 appearance may be the result of fewer signal-blocking pigmented cells within the tumor, resulting in less hyporeflective shadow and more visible intralesional structures. The hyperreflective appearance of the overlying retina may be explained by partial tumor infiltration of the less disorganized overlying retina as opposed to being displaced by the tumor as in Type 1, more heavily pigmented lesions.
SD-OCT of all optic disc melanocytoma showed scattered hyperreflective dots distributed throughout the overlying retina. Some patients demonstrated accumulation at the tumor-retina interface or major retinal vessels. Hyperreflective dots have been reported in previous SD-OCT studies of age-related macular degeneration [20] , diabetic macular edema, and retinal vein occlusion, as well as optic disc melanocytoma. There has been speculation that they may represent retinal microglial cells activated by the inflammatory process in age-related macular degeneration [20] , lipoprotein, or lipid-laden macrophages in diabetic macular edema and retinal vein occlusion, or melanophages, in optic disc melanocytoma [13] , consistent with histopathology of optic disc melanocytoma [9] . We postulate that these dots may represent lipoprotein deposits or clumps of macrophages engulfing them due to the disruption of the blood-retinal barrier in the retina disorganized by tumor damage. Their reduced numbers in Type 2 pigmented lesions would be consistent with less damage and disorganization of the overlying retina.
Differentiating optic disc melanocytoma from juxtapapillary choroidal melanoma or nevus is critical. The SD-OCT findings of melanoma and nevus we observed were consistent with previous large series [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . The heavily pigmented Type 1 optic disc melanocytoma is usually distinguishable from choroidal melanoma and choroidal nevus by funduscopic findings, but SD-OCT may help confirm the diagnosis and identify associated features, such as subretinal fluid, that could affect the clinical course. The overlying retina in choroidal melanoma and nevus is usually organized and uninvolved, whereas in optic disc melanocytoma, the retina may be infiltrated by the tumor. A common characteristic in optic disc melanocytoma is a partial thickness elevation of the retinal tissue (from the outer plexiform layer to the retinal nerve fiber layer) at the tumor base, becoming a disorganized retina along the tumor surface. Interestingly, external limiting membrane and the outer layers remain flat and attached to the retinal pigment epithelium. To our knowledge, this feature has not been addressed in previous optic disc melanocytoma reports and is not found in choroidal melanoma or nevus ( Fig. 2 d) . The density of posterior optical shadowing in choroidal melanoma and nevus is less prominent than in optic disc melanocytoma. While the majority of cases in both conditions demonstrate partial optical shadowing (73% in melanoma, 59% in nevus) [2] , in optic disc melanocytoma, optical shadowing of heavily pigmented Type 1 lesions in present and previous studies is extremely dense.
More lightly pigmented Type 2 optic disc melanocytoma is more difficult to differentiate from melanoma and nevus, since the degree of hyporeflective shadowing is smaller. However, key to the distinction is that in choroidal lesions, the tumor is confined beneath the clearly visible hyperreflective line of photoreceptor and retinal pigment epithelium, whereas in Type 2 optic disc melanocytoma, the tumor is located above the photoreceptor and retinal pigment epithelial line and partly or completely blocks the signal ( Fig. 2 ) . The disorganized overlying retina and infiltration of the tumor mass into retinal layers of Type 1 optic disc melanocytoma causing separation also aid in identifying optic disc melanocytoma.
Summary
SD-OCT is a noninvasive imaging technique that can be utilized as an ancillary test in optic disc melanocytoma for 3 main purposes: (a) confirming the diagnosis, (b) distinguishing atypical lesions from other juxtapapillary tumors, and (c) detecting subclinical features. Our study identified 2 categories of SD-OCT findings in optic disc melanocytoma: (a) Type 1, the typical, prominent, hyperpigmented lesion with SD-OCT findings of a hyperreflective, disorganized overlying retina and a posterior hyporeflective shadow, and (b) the less common, atypical, minimally pigmented Type 2 lesion overlaid by a relatively well-organized retina that lacks a posterior hyporeflective shadow.
